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i.  Introduction 


After  the  success  of  the  first  experiments  of  the  Wright  brothers  the  development  of 
of  aircraft  proceeded  quickly,  and  from  the  days  of  propellar  aircraft,  the  ere.  of  jets 
supersonic  flight  soon  followed;  given  these  types  of  flight  conditions,  there  is  presently 
a  clear  need  for  biological  research  into  the  medical  aspects  of  flight. 

Given  the  capabilities  of  modem  fighter  aircraft  for  maneuverability  and  high  speeds, 
the  importance  of  studies  on  centrifugal  forces,  pressure  changes  and  oxygen  consumption 
has  become  iacrensingly  apparent.1^. 

During  situations  of  positive  centrifugation  during  maneuvers  in  fi  hter  aircraft 
involving  changes  in  direction,  some  problems  relating  to  blood  in  the  cardiovascular 
system  have  been  noted  including  cerebral  blood  pressures  of  Omm  Hg  in  pilots  of  fighter 
planes  pulling  5.5G. 

Because  of  the  relationship  between  spatial  disorientation  and  various  kinds  of  ac¬ 
cidents,  centrifugation  and  tolerance  to  it  in  the  cardiovascular  system  including  conditions 
unde'**  •A'ieh  it  occurs  =>nd  functioning  of  the  system  under  such  conditions  have  become  an 
increasingly  important  problem. 

According  to  the  most  recent  American  reports,  fighters  like  the  F-4S  are  capable  of 

oroducing  instantaneous  accelerations  of  more  than  8+Gz,  and  the  F-15,  in  computer  s inula— 

2) 

tions  has  revealed  the  capability  for  producing  acceleration  levels  higher  than  10-AJs, 

3ecause  of  these  types  of  maneuver  capabilities  in  fighters  and  their  ability  to  produce 

such  difficult  G-force  environments,  research  into  methods  of  increasing  she  tolerance  of 

pilots  for  such  forces  is  continuing.  Research  into  the  G-forces  exerted  cn  pilots  while 

executing  M-1  and  1—1  maneuvers  as  well  as  into  the  topic  of  FPB  (Positive  Pressure  Breathing) 

i3  proceeding  in  a  unified  effort,^  Much  research  is  being  carried  out  into  the  problems 

of  the  reasons  for  decreases  in  the  tolerance  of  nilots  for  G-forceu  and  the  optimum  con- 

2) 

di tions  under  which  pilots  can  face  the  problem  of  these  forces.  ' 

Hand  and  hand  with  this,  equipment  has  been  developed  and  fielded  (Human  centrifuge) 

•  hich,  all  at  one  tine,  allows  a  mors  scientific  study  of  the  phenomena  of  tolerance  to 
positive  G-forces  and  pro-ides  a  means  of  training  pilots  to  increase  their  tolerance  to 
such  conditions.  Dr.  P.  Garsaux  carried  out  the  first  experiments  in  aviation  medicine  in 

•  1918,  this  research  related  to  C— forces  and  involved  the  use  of  animals?  ^and  the  Ihitod 
States  established  facilities  and  carried  out  similar  research. 

At  present,  in  our  air  force,  equipment  and  facilities  are  being  utilised  for  training 
and  research  in  the  area  of  tolerance  to  G-foross,  and  material  of  interest  to  aviation  med¬ 
icine  has  be  discovered  in  these  efforts.  In  pursuance  of  these  efforts,  the  following 
experiments  were  carried  out  in  ozder  to  compare  the  relative  tolerances  of  pilots  to  pos- 
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itive  G-forces  as  compared  to  the  tolerance  of  ordinary  officers  and  enlisted  men  to  3uch 
forces  as  well  as  to  ascertain  what  types  of  disruptive  effects  such  positive  centrifugation 
can  have  on  the  cardiovascular  system. 


II.  C3JECTI7E3  AIID  METHODS  OP  HKP'RIKEKTATICTJ 
1.  Objectives  of  Experimentation 

176  pilots  and  87  jrdinary  officers  and  enlisted  personnel  were  utilised  in  these 
experiments,  and  their  average  physical  characteristics  are  listed  in  Table  1. 


Table  1.  Physical  characteristics  of  subjects 


Group 

No.  of 
subject 

Age  (yr) 

Height  (Ciii) 

1 

Weight  (kg'*  j 

Vital  capacity 

1  « 

Pilot 

176 

30. 0±3. 8  | 

170.0=3.40 

61.8±5.6 

Non-pilot 

69  : 

22. 3±1.5 

169. 7±3. 85  | 

|  60. 1±6.2 

Table  1 


The  ranks  among  the  pilots  used  in  these  experiments  ranged  from  2LT  to  Colonel*  and* 
because  all  ranks  were  represented  in  the  sample  of  ordinary  officers  and  enlisted  personnel, 
the  age  of  the  pilots  was  greater  the  the  average  age  of  the  ordinary  group;  however,  there 
were  no  significant  differences  in  height  and  weight  between  t  e  two  groups,  and  the  pilots 
had  better  breathing  capacity  <  .'<0. 05).  . 

2.  Methods  of  Experimentation 

These  experiments  were  carries  out  at  the  Aercmedical  Research  Center  using  the  positive 
centrifugal  forces  generated  by  the  G-force  tolerance  training  equipment  (Human  Centrifuge; 
?,000-c  type:  Hmro  2n  ineering  Co.)  which  is  installed  there. 

During  these  experiments,  standard  flight  methods  were  employed  with  the  G-force  tol- 
erence  training  equipment  dependent  on  completion  of  a  course  in  aerobiology  where  the  pilots 
were  concealed.  (Pig  1 )  After  a  check  of  the  equipment  and  the  pas  er.gers  in  the  gondola, 
the  centrifugal  force  was  slowly  increased  from  1,56G( Biostart)  and  then  quic1'-’**  raised  to 
S+Gz  v»here  it  was  held  for  30  seconds,  then,  it  was  brought  ba-k  down  to  3+Gz  during  the 
course  of  15  seconds;  the  force  continued  to  be  lowered  1-tGs  every  15  secaids;  the  exper¬ 
iment  was  stopped  at  the  first  appearance  of  Black  Out  -henomanm  (?ig  2).  In  the  second 
type  o”  centrifuge  nan,  in  which  ^oe  G-fo-e*  was  iner^.~«d  1+G^,  sv«iy  13  seconds,  physiolo- 
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gical  compensation  appeared  between  0  and  11  seconds  of  the  15  second  intervals.  !3ie  axoen- 
imental  subjects  were  checked  for  effects  on  their  cardiovascular  systems  using  the  Fhysio- 
graph( Narco  Bio-System  Inc:  Physiograph^Six). 
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Time  (sec) 

Fig  i.  Standard  +Gz  acceleration  profile 


III.  S3SULTS 

It  can  be  seen  from  looking  at  Table  2  that,  under  standard  flight  conditions  pul-ing 
•  6-+ftz  for  50  seconds  and  cai  sidering  the  occurrence  of  tolerance  and  Black  out  phenomena,  1 59 
of  the  176  pilots  or  9®S  exhibited  tolerance?  however,  only  40  of  the  89  ordinary  personnel 
without  flight  experience  or  455a  exhibited  tolerance.  Considering  the  rate  of  tolerance 
failure  while  pulling  6-tGz  for  30  seconds  a3  broken  down  by  rank  (Table  3;,  except  for  the 
rank  of  captain  which  exhibited  a  tolerance  rate  of  045b,  all  the  other  rank  groups  had  a 
success  rate  of  90 55  or  higher. 

Figure  3  displays  a  comparison  of  changes  in  heart  rate  as  the  result  of  flight  under 
normal  conditions. 
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Tabl*  2.  Comparison  of  tolerated  &  faded 
subjects  at  6  +G*  for  30  sec  bet- 
_ wecn  pilot  &  non-pilot  group 


Type  of  subject 

|  ’  Xoler*. 

i  No.  Ot  ,ted 

Failed 

subject  j 

No.  *i  | 

No. 

1  C' 

/* 

Pilot 

Non-pilot 

m;  iss|  ad 
«! 

1 

J3 

10 

ss 

TaUe  I.  Comparison  of  tolerated  &  failed 
pilots  at  6  +Gs  for  30  sec  by 
their  classes. 


. 

Class 

No.  of 

[  Tolers-i 
|tej  | 

Failed 

< 

subject 

No. 

\* 

No. 

% 

Second  Lieutenant 

91 

100 

... 

j  — 

First  Lieutenant 

H 

42 

*■ 

8 

16 

Captain 

•38 

33| 

!  *! 

3 

S 

Major 

46 

42 

9l\ 

4, 

9 

Lieutenant  Colonel 

31 

29 

94 

2 

6 

Colonel 

4 

4 

1 

■»: 

J 

i 

Total 

176 

JS 

J7 j 

10 

Comparing  the  changes  in  heart  rate  of  the  pilots  and  the  ordinary  personnel  in  the 
groups  that  were  tested  for  tolerance  while  pulling  6+Gz  for  30  seconds*  under  the  influence 
of  positive  centrifugal  forces  there  was  a  3traight-line  increase  in  he'  rt  rate  for  the  firn 
10  seconds  at  6-*Gs  after  which  the  values  stabilized  in  the  pilots;  however,  the  ordinary 
officers  and  enlisted  personnel  exhibited  an  increase  in  heart  rate  over  and  abeve  that  of 
the  pilots  and  which  was  conspicuously  present  after  the  first  5  seconds  of  fli.jh**  -his 
difference  of  over  20  beats/nin  persisted  until  the  end  of  the  flight, 

'••Tiile  pulling  6+Gc  for  30  seconds,  in  the  group  that  failed,  the  pilots  failed  after 
an  average  of  12.'}  seconds  while  the  ordinary  officers  and  enlisted  personnel  failed  after 


n«  s. 


Tima  weighted  6  fore* 

Comparison  of  die  dunces  in  heart  rates  between  pilot  and  non-plot  croup  on  tGi 
acceleration. 


Vis  4.  The  distribution  of  +Gs  tolerance  of  non-pilot  (roup. 


an  average  of  7.2  seconds;  after  the  flights  were  interrupted  because  of  these  failures, 
the  pilots  exhibited  comparatively  higher  heart  rates  and  changes  in  heart  rate  than  did 
the  group  of  pilots  that  exhibited  tolerance  and,  statistically  speaking,  there  was  no 
(one  word  missing  on  ay  copy)  difference  (P>  0.05);  among  the  ordinary  officers  and  enlisted 
personnel,  there  was  no  difference  as  compared  to  the  non-pilot  group  that  exhibited  tol¬ 
erance. 

Fig  4  shows  the  distribution  of  tolerance  achieved  against  positive  centrifugal  forces 
in  stages  during  the  flight;  these  stages  of  tolerance  were  achieved  in  56  (sic)  nan-pilot 
personnel  beginning  with  a  3+^z  force  for  15  seconds  followed  by  1 +G-  increments  of  increase 
until  Black  out  occurred;  this  data  was  sought  in  order  to  ascertain  what  levels  of  tol¬ 
erance  existed  to  positive  centrifugal  forces  when  exerted  against  Korean  personnel. 

Arranging  the  non-pilot  group  according  to  how  many  positive  Gz  they  could  safely 
tolerate  for  15  seconds,  the  results  worked  out  7ike  this:  3 +Gs,  1;  4+Gz,  14;  5-rGa, 

26;  6+Gc,  14;  and  7+&z»  10, 

The  overall  tolerance  of  4Gz  within  this  non-pilot  -Troup  is  displayed  in  Table  4  and 
reveals  an  average  tolerance  of  5.3+Gs  with  a  standard  deviation  of  +  1.0?  end  a  range  of 
3-740*. 


Table  4.  Po'jtivc  G  r  tolerance  of  non- pilot 
group. 


Number  of  subject 

Mean 

S.D. 

Range 


65 

5.3 

±1.02 

3-7 


Pig  5  shews  the  fluctuations  in  heart  rate  among  the  group  that  - id  chow  effective 
tolerrace  of  +G a,  and  J-hese  fluctuations  are  shown  as  a  function  of  increases  in  the  -*Gz, 
employing  standard  flight  methods,  beginning  from  3+^z  and  increasing  ir.  stares  each  lasting 
15  second 3. 

Under  these  conditions,  the  heart  rates  in  the  sub.ject  group  increased  when  subjected 
to  a  continuous  increase  in  +0*,  and  the  results  were  as  follows:  at  I.36G  (Biostart)  there 
was  an  increase  of  from  103- >16  beats/min;  at  3-KJa  there  was  an  increase  of  from  114-124 
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6  force 

Fi(  5.  Changes  in  heart  rate  of  non-pilot  group  according  to  the  intencity  of  +Gr 


beats/min  at  the  beginning  of  the  flight  period  and  126-145  beats/min  at  the  end  of  the 
flight  reriod;  at  the  beginning  and  end  measurements  were  135-147  beats/min  and  142- 
159  beats/min;  at  5+Ga  the  measurements  were  146-162  beats/min  and  156-171  beats/min; 
at  6+Gz  measurements  of  15&-173  beats/min  and  166-172  beats/min  were  obtained. 

The  group  that  tolerated  7+G«  showed  fluctuations  in  heart  rate  as  a  result  of  pos¬ 
itive  G-forces*  and  these  fluctuations  were  caisistsntly  lover  in  actual  number  of  beats/ 
min  relative  to  fluctuations  in  groups  that  could  only  tolerate  lower  +Gz 

17.  fXif  :niA.riGN  of  data. 

Acceleration  is  the  rate  of  change  of  speed  or  direction  over  time.  The  -ypes  of  ac¬ 
celeration  produced  during  flight  can  be  divided  into  linear  acceleration  and  angular  ac¬ 
celeration. 

Linear  aeoeler-tion  occurs  when  a  ’oody  moving-  in  a  staieht  line  chan  sees  sre-d,  and 

B  '  ' 


F««n  6.  Hydt  uutic  ,r,«n>rt  and  ayatohc  inrriiUmfiln 
•f  a  ..  k'liai  m  ih*  ivrgfci  poiinon  il  i  1  C,  and 
d  *>*»,  *^ram  Burton.  Lew l  .11,  and  Mirhaabon.  1974) 

■the  type  of  linear  acceleration  called  radial  acceleration  occurs  when  an  object  moving 
at  a  fixed  speed  changes  direction.  On  the  other  hand,  angular  acceleration  occurs  when 
there  are  simultaneous  changes  in  velocity  and  direction  of  an  objee+^. 

The  influence  of  acceleration  on  a  human  body  varies  with  the  strength  of  the  energy 
applied,  the  time  cf  application,  the  scope  of  application  and  the  direction  cf  application; 
if  the  area  against  which  an  acceleration  is  applied  is  small,  the  resulting  injuries  will 
be  small,  however,  forces  applied  to  the  region  of  the  head  can  produce  grave  injuries 
because  of  the  differences  between  the  head  and  the  rest  of  the  body, '  '  In  fact,  acceleration 
is  not  the  only  factor  determining  the  effects  felt  by  the  huirrn  body  in  such  situations; 
the  direction  of  application  of  the  force  of  gravity  as  an  increase  in  velocity  is  also 
an  important  factor  in  determining  the  tolerance  of  a  giv-n  person.  That  is  to  say  that 
accelerations,  according  to  their  direction  of  application,  can  be  divided  into  positive, 
negative  avi  lateral  or  horizontal  types, "  During  aircraft  flight  trr  application  of 
the  enerey  of  positive  G-forces  (+Gz)  in  a  directional  manner  to  the  head  area  is  a  phen¬ 
omenon  which  occurs  often  and  is  very  important.  The  application  of  negative  C— forces  ( —Is j 
in  an  opposite  direction  to  the  area  of  the  head  in  amounts  greater  than  -?Gz  creates  a 
dangerous  situation  in  'hich  blood  is  drawn  out  of  the  heed  ar.d  the  phenomenon  of  Hed  cut 


occurs 


Horizontal  accelerations  applied  forward  and  backward  or  left  and.  right  can  be 

tolerated  relativelv  well  by  the  human  body*  and  instantaneous  accelerations  of  un  to  15G 

1)  ' 

can  be  withstood  ' * 

The  forces  of  positive  acceleration  influencing  the  human  body  c-n  be  roughly  clas¬ 
sified  this  way:  first,  the  influence  of  gravity  on  the  body  itself;  second,  influences 

on  the  respiratory  system;  and,  most  important,  influences  on  ahe  circulatory  system. 

1+3  z, 

That  is  to  say,  ?s  shown  in  Fig  6,  seated  in  an  upright  position  at  ^  -hen  the  arterial 
blood  pressure  is  120mmEg,  at  a  level  30cm  above  the  he~rt,  the  arterial  blood  pressure' 
in  the  brain  was  22nmHg  lower  at  98nmHg;  moreover,  at  a  level  75cm  below  the  heart,  the 
pressure  in  the  area  of  the  feet  was  175mmHg.  If  a  force  of  6+Gz  is  applied,  the  blood 
pressure  cannot  force  blood  up  those  30cm  to  the  brain  in  order  to  keep  it  supplied,  so 
the  subject  lapses  into  a  state  of  unconciousness.  If  the  arterial  pressure  in  the  brain 
falls  because  of  the  effects  of  positive  G— forces  to  a  level  lOmnuig  below  its  former  level, 
then  there  will  be  an  inadequate  blood  supply  to  the  retinas  of  the  eyes  and  peripheral 
light  loss  occurs  along  with  the  so-called  Grey  out  phenomenon;  moreover,  if  the  process 
continues,  central  vision  will  be  affected,  and  Blank  out  phonomnon  '-.'ill  occur.  The 
critical  points  controling  the  two  phenomenon  mentioned  above  have  applications  in  many 
areas. ^ 

Howevor,  the  types  of  cardiovascular  problems  mentioned  above  occur  at  various  levels 

of  acceleration.  For  various  complicated  reasons,  the  ability  to  withstand  acceleration, 

that  is,  tolerance  exists  at  many  different  levels  in  different  people.  It  is  known  that 

the  ability  to  increase  tolerance  to  acceleration  tlirough  training  can  play  an  i;.  portent 
o'' 

rcle»^nd,  in  our  experiments,  the  fact  that  the  pilot  group,  who  had  more  expedience  with 
acceleration,  displayed  greater  tolerance  to  acceleration  than  did  the  non-pilot  group  whs: 
the  groups  were  both  exposed  to  +6 Go  for  30  seconds  supports  this  point  of  view. 

As  far  as  increase  in  heart  rate  goes  as  a  response  to  acceleration,  ir.  a  kind  of 
opposite  or  symmetrical  reaction,  the  effect  of  acceleration  as  to  reduce  the  blood  pres¬ 
sure  and  the  amount  of  blood  being  circulated ;  this  causes  the  stretch  ~ec<=ntcrs  of  the 
carotid  sinus  of  the  Aorta  to  initiate  a  contraction  phenomenon  in  he  blood  vessels,  and 
because  of  this  the  heart  rate  is  increased  '  .  As  far  as  our  exp  rimer. 's  go,  the  exper¬ 
ience  we  had  with  the  pilot  group  in  which  heart  b«at  levels  of  15c  beats/nin  oc cured 
representing  an  increase  of  approximately  11,3  beuts/min  for  s  en  increase  of  1 4-3  turns 
out  to  be  somewhat  lower  then  the  exnerier.ee  of  Lambert  and  others  in  similar  experiments'" ' 
moreover,  the  corresponding  Id. 7  beats/G  rate  of  increase  ir.  the  ncr.-'-ilot  group  was  rather 
higher.  These  results  reflect  the  fact  that  greater  flight  experience  of  the  pilots  and 
their  eoTespcndingly  increased  tolerance  of  acceleration  lessened  the  burden  on  their 
circulatory  systems.  Among  the  pilots,  those  at  the  r*rk  of  contain  who  bad  a  lot  of 
flight  experience  showed  higher  rates  of  tolerance*  and  this  fact  supports  the  i'ca  that 

IQ 


Table  5.  Comparative  data  of  +Gx  of  ROKAF  with  other  countries. 


1 

Type  of  subject 

!  . 

No.  of  subject 

1 

Acceleration  ; 
rate 

(G/sec)  i 

-t-Gz  tolerance 

Mean±£D.  Range 

Korea 

U.S.A. 

Japan 

ROKAF; P,1c; 

\  Non-pilot 

Naval  aviation 
cadet 

Non-pilot 

176 

65  { 

1,000 

21 

1 

0.7  '  6.0 

0.4  i  5.3±l-02 

*1.0  |  5. 4±0. 9 

0.1  j  R.7±0.3 

3-7 

3. 0-8. 4 

4. 1-6.0 

progressive  exposure  to  acceleration  incre?.ses  tolerance  of  it. 

Cn  the  other  hand,  concerning  the  tolerance  of  the  non-nilot  .group  which  had  no  flight 
experience  to  the  phased  positive  accelerations  to  which  they  were  exposed,  this  group 
achieved  an  average  tolerance  of  5.3+Gz+  1.02  in  a  range  of  from  3  to  7  Ga;  how  this  rom- 
rares  to  similar  data  developed  on  American  and  Japanese  subjects  can  be  seen  in  fable  5? 
in  terns  of  Onset  ratio,  although  there  are  differences,  similar  values  were  achieved  for 
all  groups,  end,  in  terms  of  tolerance  to  positive  acceleration,  there  seems  to  be  no  dif¬ 
ference  between  oriental  and  occidental  personnel;  when  one  considers  increases  in  heart 
"ate  as  a  function  of  increase  in  +Gz,  however,  the  group  which  had  a  high  tolerance  for 
G— forces  had  low  changes  in  heart  rate  and  less  influence  on  their  circulatory  systems; 
this  squares  with  the  results  of  our  tests  at  6+Gz  for  30  seconds. 

7.  CCHCLUGICITS 

In  order  to  understand  the  influences  which  affect  the  circulatory  system  of  the  human 
body  and  its  toleronce  to  the  positive  accelerations  produced  during  the  flight  of  fighter 
aircraft,  we  conducted  acceleration  '"light  experiments  using  acceleration  tolerance  training 
equipment  (Human  Centrifuge:  2,0'0-C  type;  Tinro  Bngineerinr  Co.)  and  contra -ting  176  dCK 
Air  Force  pilots  with  89  non-pilot  officer  and  enlisted  personnel. 

The  experiments  were  conducted  in  this  manner;  after  the  subjects  got  on  board  the 
gondola  and  physiological  monitoring  equipment  was  connected  to  them,  we  started  the  machine 
and,  after  gradually  achieving  Biostart  at  1.56+G-,  we  rapidly  increased  the  acceleration 
to  6+Gz  and  held  it  there  for  30  seconds;  this  was  the  first  method  employed;  the  second 
was  to  increase  the  acceleration  in  steps  beginning  at  3+Gz  for  15  seconds  and  increasing 
the  acceleration  by  1+G  after  each  15  second  exposure  until  Black  out  phenomenon  occured. 
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In  order  to  understand  the  effects  of  t/ece  accelerations  on  the  circulatory  systems  of  the 
subjects,  we  used  a  Fhysiograph  to  measure  changes  in  heart  rate  and  got  the  results  listed 
below, 

1,  During  the  exposure  to  6+Gz  for  30  seconds,  9Cf/o  of  the  pilots  tolerated  the 
acceleration,  but  only  45'-  of  the  non-pilot  personnel  tolerated  the  same  exposure; 
the  rest  of  each  group  experienced  Black  out  phenomenon  during  the  test  and 

were  terminated  before  the  test  period  was  completed, 

2,  Vfhen  the  degree  of  tolerance  to  G-forces  among  the  pilot  personnel  was  compared 
to  the  ranks  of  the  pilots  involved,  it  was  found  that  those  pilots  who  held 
the  rank  of  captain  had  the  highest  tolerance  levels, 

3,  During  the  course  of  an  exposure  to  6+Gz  for  30  seconds  it  was  found  that  the 
pilot  group  had  relatively  less  change  in  their  heart  rates  than  did  the  nor.- 
pilot  personnel;  moreover,  the  circulatory  systems  of  the  pilots  were  affected 
less, 

4,  Over  all,  the  non-pilot  group  achieved  an  average  tolerance  to  positive  G-forces 
of  5,3i  1.02+Gz  with  a  range  of  tolerances  from  5  to  7+Cs. 

c.  Over  all,  when  the  tolerances  achieved  by  various  individuals  to  positive  ac¬ 
celerations  under  the  conditions  of  these  tests  were  compared  to  changes  in 
heart  rate  as  accelerations  were  increased,  it  turned  out  that  groups  with  rela¬ 
tively  higher  tolerances  to  positive  accelerations  had  lower  changes  in  heart 
rate. 
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The  Study  on  the  Tolerance  of  XOK  Airforce  Men  to 
-f-G*  Centrifugation 
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In  order  to  determine  the  human  tolerance  to  positive  acceleration  and  evaluate  the  effect  of 
+Gz  on  cardiovascular  system,  176  pilots  and  89  non-pilots  were  selected  to  take  centrifuge 
running  on  Human. Centrifuge:  2,000-type  C;  Emro  Engineering  Co. 

-  All  subjects  were  exposed  to  the  rapid  onset  profile  of  6  +Gz.  with  30  eecond  plateu  which 
was  started  slowly  to  1.56  -fGz(Biostart)  and  increased  rapidly  to  6+Gs.  The  second  profile  of 
centrifuge  running  with  non-pilot  group  was  stepwise  running  from  3  +Gz  to  the  tolerable 
high  +Gz.  The  increase  of  1  +Gz  was  followed  by  every  success  of  15  second  running  of 
+Gz.  The  centrifuge  running  was  stopped  at  the  sign  of  black  out  phenomena  of  subject 

The  changes  of  heart  rates  was  checked  in  order  to  evaluate  the-  cardiovascular  effect  of 
+Gz  with  physiograph. 

The  results  obtained  were  as  follow* 

1.  The  pilot  group  were  tolerated  90%  in  rapid  onset  profile  of  6  +  Gs  with  30  secood 
plateu  and  non-pilot  group  were  45%  only. 
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Sunnary  (cont.) 


2.  The  high  tanks  of  pilot  group  had  higher  tolerance  rate  than  lower  ranks  of  pilot  group. 

3.  The  changes  of  heart  rates  of  pilct  group  at  6  -t-Gz  with  30  second  plateu  was  relatively 
snaller  than  non-pilot  in  the  case  of  tolerated  group  of  ceutrifuge  runs.  It  means  that  the 
pilot  group  had  relative  little  burden  of  +Gz  on  cardiovascular  system. 

4.  The  +Gz  tolerance  ot  •ton-pilot  group  achived  from  2nd  centrifuge  S.  3  -»tiz± 

1.02  (Range  3  -7  -t-Gz) 

5.  The  changes  of  heart  r.-tes  of  highest  +  Gz  tolerance  group  at  the  2nd  centrifuge  run 
according  to  the  increase  of  H-Gz  was  relatively  smaller  than  lower  +Gz  group. 


